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When the Symposia on the Biology of Skin 
began 25 years ago there was not one full-time 
cutaneous microbiologist; textbooks of bacteriol-
ogy acknowledged the existence of the skin only 
insofar as it experienced infections; and dermatolo-
gists were busy trying to learn the classification 
and growth requirements of the ringworm fungi. 
The changes since then can only be described as 
stunning, the direct result of the scholarly activi-
ties of trained professionals in dermatology depart-
ments. There now are several dermatologic centers 
where microbiologists , in addition to providing a 
clinical service , conduct studies which have vastly 
increased our knowledge and understanding of the 
role played by the cutaneous microf1ora in health 
and in disease . The new knowledge has been 
brought together in two major textbooks: Mary 
Marples ' monumental opus The Ecology of the 
Human Skin (1965) [1] and Noble and Somer-
ville's meticulous compendium Microbiology of 
Human Skin (1974) [2]. 
Compared with other fields of cutaneous biology, 
microbiologic problems have received delayed at-
tention , chief1y because physicians have histori-
cally viewed microorganisms as scourges and sick-
ness-producers . Bacteria are consequently branded 
as criminal offenders , and bacteria killing has been 
a passion of physicians ever since the term "patho-
gen " was invented. We are just beginning to learn 
that there are other approaches to the prevention 
and control of bacterial diseases , that there are 
"good" as well as "bad " bacteria, and that wanton 
policies of destruction only create new problems . 
Acquired resistance to antibiotics is but one exam-
ple. 
The dominant theme of current research has 
strong ecologic overtones. Research efforts are now 
aimed at identifying the organisms occupying the 
various cutaneous habitats , the factors regulating 
the composition and density of the microf1ora, the 
interactions among them, the effects of artificial 
dispossession of native organisms, and many other 
questions dealing with the relationship between 
organisms and the microenvironment and macro-
environment. This new emphasis occurs at a time 
when ecology is a dominant theme of modern life. 
That the pursuit of ecologic knowledge is not an 
academic sport is demonstrated by such impressive 
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success as Taplin's in reducing the morbidity and 
mortality of patients in burn units by the simple 
(but not easily instituted) tactic of closely monitor-
ing the environment and withholding prophylactic 
antibiotics. Taplin and his associates have traced 
the gram-negative organisms, Pseudomonas espe-
cially, to environment.al reservoirs-contaminat.ed 
solutions and equipment. Flower bowls in the Burn 
Unit at ,Jackson Memorial Hospital in Miami were 
found to be teeming with gram -negatives [3]~ 
Constant surveillance of potentially pathogenic 
organisms in high-risk areas provide early warning 
of breaks in the routine and so avert disaster . 
The subject of this discussion is young enough to 
have sparked considerable controversy. We shall 
not shy away from expressing our personal points 
of view, though it is impossible to present a 
complete account of pros and cons. 
THE RESIDENT MICROFLORA 
The skin continuously produces substances that 
can be employed as nutrients by bacteria. Al-
though the habitats are widely diverse , ranging 
across such territories as the ear canal, perineum, 
scalp, face , intertriginous area , hands , and feet , 
the types of organisms that have managed to 
colonize these specialized sites are remarkably 
limited . The native microf1ora is simple and the 
same organisms are found in all areas, although in 
vastly different numbers. These organisms in-
clude: (1) anaerobic diphtheroids (Propionibacte-
rium); (2) aerobic diphtheroids (Corynebacterium); 
(3) aerobic cocci (Micrococcus and Staphylococ-
cus) and a yeastlikeJungus (Pityrosporum). Gram-
negatives occur in the wetlands such as the axilla, 
rarely accounting for more than 1 % of the aerobic 
flora. These are not the same organisms inhabiting 
the bowel , suggesting that there are stringent 
requirements for an organism to become part of the 
microflora. Escherichia coli , for example, are con-
tinuously seeded over the buttock-perineum region 
of the anus, E. coli is not a regular member of the 
microf1ora. The same specificity is noted for mouth 
and vaginal organisms, which generally differ from 
those on the skin. 
Price classified skin organisms as either resi-
dents or transients [4]. As a surgeon, he was 
concerned with organisms borne on the hands, and 
devised methods for appraising the efficiency of 
bacteria elimination during surgical scrubs. He 
observed that he could repeatedly recover Staphy-
lococcus aureus and Pseudomonas from his hands, 
especially when in attendance on wound wards. He 
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thought that these had gained a temporary foot-
hold in a superficial location since they could be 
more readily scrubbed off than the more en-
trenched residents. The "transients," as he called 
them, multiplied but could not become entrenched 
members of the stable community of resident 
organisms. It came to be thought that the resident 
organisms were harmless while transients encom-
passed virulent species. Price's ideas were useful , 
but oversimplified and incomplete. 
There is no sharp division between residents 
and transients; the groups of organisms in each 
category are not absolutely fixed. We know, for 
example, that S. aureus can reside in the perineum 
of healthy individuals who do not harbor this 
potential pathogen in the gut [5]. Some occupa-
tions involve intense continuous exposures to orga-
nisms that do not ordinarily live on the skin but 
may become implanted given a favorable microen-
vironment. We could regularly isolate Sarcina from 
the skin of prisoners assigned to dishwashing in a 
hot, humid environment. Far too little is known 
about the microflora composition of human beings 
in diverse climates, trades, and environmental 
circumstances. 
Price assumed that the S. aureus and Pseudomo-
nas repeatedly isolated from his hands were ac-
tually proliferating, an unlikely event for S. aureus 
in that location and virtually impossible for Pseu-
domonas. He knew that transients were most likely 
to be found on exposed skin, yet he did not consider 
the possibility of their abundance in the hospital 
environment and their passive adherence to the 
hands. A more precise term would be "contami-
nants ," organisms alighting on the skin from an 
internal (nose, mouth) or external source. We 
could then define a "resident" flora (not necessar-
ily the same for all persons or for all populations) 
and distinguish " contaminants" by their erratic 
occurrence in low numbers. 
Stricter definitions are required to avoid poten-
tially ludicrous misconceptions and errors. It is 
unlikely that anyone working in the field will ever 
match the extraordinary analysis of the " resident" 
scalp flora given by Roia and Vanderwyck (6] . 
They identified 225 " resident isolates" -30 species 
of yeasts, 143 molds , 44 bacteria, and 8 ac-
tinomycetes. " Resident bacteria" were found in 
only 25 % of subjects with normal scalps and in 57 % 
of those with dandruff. Even more incredible was 
the finding that Bacillus subtilis was the most 
prevalent species recovered. 
Obviously , this extraordinary assemblage of bac-
teria and fungi reflects the considerable capacity of 
hair to trap free-floating organisms . Sampling the 
o.,calp is probably a reliable way to identify the 
Kinds and even the relative numbers of organisms 
til a particular environment. The same applies to 
the skin , a fact insufficiently recognized despite 
impressive experience from the past. The skin 
provides a temporary haven and way station for all 
kinds of organisms and may be an important 
vector in the distribution of virulent organisms. 
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This holds especially for the hands , which can 
disseminate pathogens at every point of contact. 
Not long ago S. aureus infections rampaged 
through nurseries of the newborn; initially it was 
thought that nasal carriers distributed the orga-
nism via respiratory droplets. Eventually trans-
mission was attributed to the hands. Increased 
survival of contaminants on the hands is assured 
by the continuous sweating of the palms and 
fingers, which protects against death by desicca-
tion . 
The number of contaminants on the skin is a 
function of their abundance in the environment. 
The frequency of recovery of S. aureus is depend-
ent on the zeal and energy of the investigator. The 
greater the sample sites and frequency of sampling, 
the greater the prevalence rates. Williams [7], for 
example , believes the true rate to be between 50 
and 80% while other workers find a prevalence rate 
of about 5% [8] . 
S. aureus can be found virtually everywhere in 
the environment if one looks hard enough. During 
surgery under strict aseptic conditions, S. aureus 
can be isolated from almost every patient when the 
operative site is thoroughly and frequently sam-
pled. We found that high densities of S. aureus 
occurred in the normal skin of eczema patients 
whose lesions harbored large quantities of that 
pathogen [9]. 
The conclusions of otherwise competent epide-
miologic studies can be seriously flawed with 
fail ure to appreciate what an efficient environmen-
tal sampler the skin is. Streptococcal pyoderma is 
an important disease of children from low socioeco-
nomic classes in warm, moist climates where the 
infection rate during the summer may exceed 50%; 
the draining sores, usually multiple, may be toler-
ated, but when a strain of Streptococcus py ogenes 
is nephritogenic, the outcome may be glomerulone-
phritis and death. Wanamaker and his colleagues 
kept close surveillance of S. pyogenes in epidemic 
settings and demonstrated that the organism could 
usually be recovered from normal skin before a 
lesion appeared [10]. They suggested therefore that 
cocci first take up residence and then become 
invasive . This is highly unlikely since, in our 
experience, this is the one organism that cannot be 
experimentally coaxed into temporary residence on 
normal skin under the most favorable conditions. 
Wanamaker's group, if they had searched, could 
just as often have recovered S. pyogenes from 
bedding, clothing, and floors in a clinical situation 
where densely congregated children with strep-
tococcal pyodermas were dispersing large numbers 
of organisms into the environment. Indeed, in a 
study in an Arizona boarding school, Taplin and 
his associates recovered S. pyogenes from normal 
skin (back and forearm) in as many as a quarter of 
the children in some dormitories (D. Taplin, per-
sonal communication). However, a similar recov-
ery rate was obtained when sheets were cultured! 
In our view, S. pyogenes occurrence on skin that 
may later develop an infection merely reflects the 
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abundance of an organism in a given environment 
and does not necessarily mean that colonization 
has occurred. We would urge investigators to 
sample the entire environment, not just the skin . 
THE QUALITY OF RESIDENT ORGANISMS 
The foregoing discussion of contamination vs 
colonization emphasizes the importance of aban-
doning casual traditional tactics like swabbing 
when sampling the skin. The chances are that an 
organism is not a true colonist when only one or a 
few colonies appear on the plates. While no exact 
figure can be given, we would be uncomfortable 
stating that an organism had actually taken up 
residence when less than a couple of hundred are 
recovered, and then on more than one occasion 
from the same site. By our criteria, Noble 's [8] 
minimum registration for S. aureus residence sta-
tus , 6 colonies , is far too low. 
Vigorous scraping of the surface yields many 
more organisms than mere swabbing. A convenient 
sampling technique, the detergent-scrub method, 
has been developed in our laboratories [ll]. It 
entails placing a buffered, nonionic surfactant 
solution in a glass cup and thoroughly rubbing the 
surface with a bladelike Teflon rod. Pools of two 
I-min scrubs yield reproducible counts represent-
ing more than 90 % of the organisms present. In 
such areas as the face , where sebaceous follicles 
abound, the majority of anaerobes are beyond 
reach in the deep, cavernous canals. Accordingly , 
only a fraction (but a fairly constant one) of the 
anaerobic population is sampled in such places 
[12 ]. 
Quantitative sampling, while still not extensive 
enough, has provided us with a rough idea of 
resident organism density in various regions (Fig. 
1). Not unexpectedly, considering the di versi ty of 
skin regions , the numbers range from hundreds to 
millions per sq cm. The counts are always low in 
the dry terrain of the extremities and the lower 
trunk . The great numbers of organisms residing on 
the skin are found in only a fraction of the territory 
available for colonization. The regions of luxuriant 
growth are somewhat specialized and restricted. 
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FiG. 1. Regional differences in the total numbers of 
organisms. Values represent the geometric mean value. 
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Teeming populations, hundreds of thousands per 
sq cm and more , occur in all wet, torrid regions 
such as the axillae and the tight interspaces 
between the toes . Apart from the swamps, the 
other great habitats are areas where skin append-
ages , notably pilosebaceous units, are numerous 
and large, as in the scalp and face. Regions of high 
follicular density also contain numerous sweat 
glands to furnish the moisture necessary for bacte-
rial growth. 
Age is another factor apparently influencing the 
total number of organisms found [12]. At least on 
the face, there are profound age-related changes. 
Infants and children have significantly fewer orga-
nisms than teenagers , and adults have even more 
than adolescents. These changes appear to parallel 
age-related changes in sebum production and may 
reflect the presence of increased nutrients promot-
ing expansion of the microflora. 
In addition to regional variations in the density 
of microorganisms, significant regional variations 
exist in the composition of the microflora (Fig. 1). 
In both the wet and dry areas, aerobic cocci and 
diphtheroids predominate, whereas the yeast Pity-
rosporum predominates in the scalp and other 
areas rich in both sebum and sweat such as the 
scalp . 
Quantitative studies show that the microflora is 
log-normally distributed, i.e., bell-shaped distri-
butions are obtained in logarithmic computation of 
densities. Individuals vary greatly in the quantity 
of organisms they support in various regions. 
Inaccurate distributions are obtained if the fre-
quencies are plotted arithmetically. The log distri-
bution characteristic imposes strict requirements 
on statistical analysis of quantitative data. Arith-
metic designation of the magnitude of change 
resulting from treatment will usually yield an 
incorrect answer . 
Wherever individual differences exist in the 
quantity of organisms at various sites , the densities 
for a given individual are somewhat stable. Bac-
teria-rich and bacteria-poor cases show slight fluc-
tuations over long time periods. Moreover, those 
with high counts in one region are likely to support 
large bacterial populations in other regions as well. 
Thus the microflora tends to be both qualitatively 
and quantitatively characteristic for an individual; 
this in turn must reflect individual anatomic and 
physiologic differences of the integument, though 
these determinants are still undefined . 
The importance of quantitative bacteriology in 
clinical studies is paramount; many quarrels and 
debates persist for the lack of measurements. For 
example , it is currently a matter of much agitation 
whether or not topical antibiotics are effective in 
clearing superficial pyodermas. After a 90 % kill of 
an initial population of 1,000,000 pathogens per sq 
cm, swab sampling would still yield numerous 
colonies without quantification. One could easily 
conclude that nothing had happened! The diagno-
sis of a secondary pyoderma where virulent orga-
nisms have colonized a preexisting, chronic der-
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matosis requires quantification. The underlying 
inflammatory disease masks the usual signs of 
infection (suppuration, crusting, redness) and it is 
only when the quantity is correlated with the 
response to treatment that the organisms are 
revealed as aggravators of the basic disease. We 
have established, for S. aureus at least, that the 
lesion can generally be considered infected, rather 
than merely colonized, when the density exceeds 
1.0 X 106/cm2. The experienced eye can usually 
recognize the signs of impetiginization when the 
level exceeds 1 X 107/cm2. 
ANATOMIC HABITAT OF THE MICROFLORA 
High-resolution microscopy has terminated 
long-standing arguments concerning the sites of 
colonization. The superficial locations of the bacte-
ria became evident with successive sampling of the 
same site by Scotch-tape stripping or even swab-
bing. The first few samples yielded most of the 
organisms and the later ones hardly any, even 
though only the outermost portion of the horny 
layer had been removed. 
Bacteria were generally not visualized in smears 
from the surface of dry areas and they were still 
unaccountably sparce in lush regions . Electron 
microscopic studies have proved that the great 
bulk of microflora resides in the dilated orifices of 
hair follicles [14] . There are a few organisms in the 
outer portion of the horny layer, situated on or 
close to the surface under sloughing cells, and 
virtually none in the terminal sweat ducts. Bacte-
ria congregate in the semiprotected pockets of the 
infundibular recesses of the hair follicles where the 
environment is wetter and perhaps a little closer to 
core temperature. This situation is absolutely 
essential for anaerobes , for it is only in the depths 
of the infundibulum that the oxygen tension is low 
enough to allow growth. The growth of the more 
superficially placed aerobic cocci and diphtheroids 
probably contributes to the anaerobiosis required 
by Propionibacterium acnes. There is here a mea-
sure of stratification. The demarcation of aerobes 
and anaerobes to separate territories is especially 
clear in the large , fat-filled canals of the sebaceous 
follicles of the face and upper trunk, where P. 
acnes is an exclusive occupant of all but the upper 
reaches of the canal. One needs to be reminded 
that the yeastlike fungi of the genus Pityrosporum, 
mainly P. ouale, are universal members of the 
resident flora. These larger, ovoid organisms also 
huddle in the follicular orifices. 
The great discrepancy in the number of orga-
nisms recovered by scrubbing (followed by me-
chanical dispersion of cell aggregates) as compared 
to surface sampling on velvet pads or Rodac 
contact plates has the validity of the long-held 
notion that the organisms form microcolonies in 
their habitats. Indeed, clusters of variable size 
have been seen under the electron microscope. The 
actual disposition of bacteria is in colonies sepa-
rated by comparatively wide spaces from the 
restricted microhabitats that are available. Con-
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tact plates can sample only a small and highly 
variable part of the mixture of organisms massed 
together in the follicular orifices. This method of 
analysis might be more creditable if most of the 
bacteria were distributed as surface microcolonies 
between follicles. Holt [15] presented figures as 
high as 70,000 cells per aggregate; organisms in 
such numbers would likely be visible to the naked 
eye! On the other hand, Somerville and Noble [16] 
described mean colony size as only 5093, but one 
does not know how closely this corresponds to real 
numbers. 
CLASSIFICATION OF RESIDENT ORGANISMS 
Since virulent organisms are not part of the 
native microflora , to what avail is classification of 
every subtype into its narrow slot? Twenty-five 
years ago one could scarcely justify the enormous 
expenditure of time and effort required to place 
into neat taxa the brigades of cutaneous bacteria 
isolated from every conceivable source. The re-
sults, nowhere near complete, are far more useful 
than anyone could have anticipated. Before Baird-
Parker published his first classification in 1963 
[17], cocci were mainly named by their color, white 
ones such as S. albus and yellow ones like S. aureus 
(some of the latter are colorless!). 
We can touch only briefly on the accessions of 
important knowledge that grew out of the simple 
ability to identify cocci reliably. Baird-Parker 
included six biotypes, numbered simply S1 to 8VI, 
under the genus Staphylococcus and seven types 
under Micrococcus . Staphylococci were separated 
from micrococci on the basis of ability to ferment 
glucose in the presence and absence of oxygen, 
with further subdivisions determined by various 
biochemical reactions . These two basic groups can 
now also be separated on the basis of their DNA 
base composition with the micrococci having a 
high percentage of guanine and cytosine (65-75 %) 
and the staphylococci having a low GC value 
(30-36 %). In general , there is good agreement 
between low percentage of GC and anaerobic 
glucose fermentation in the case of the staphylo-
cocci and high GC values and ability to ferment 
glucose only in the presence of oxygen in the case of 
the micrococci. In 1974, Baird-Parker simplified 
his scheme, consolidating various types and ar-
ranging certain of these under such venerable 
species as S. epidermidis and S . saprophy ticus 
[18]. Ambiguities still arise when the physiologic 
characteristics of a given isolate seem to mark it as 
aberrant, but the classification is useful enough. 
What are some of the real or potential uses? 
All of the biotypes of Micrococcus and Staphylo-
coccus have been identified on human skin; most 
of them are not numerous or constant. 811 is 
present on virtually everyone 's skin and is gener-
ally the dominant Staphylococcus, while MIn is 
generally the most abundant member of the genus 
Micrococcus. This information could be uninter-
esting; these organisms often reach high numbers 
on normal and on dermatitic skin without causing 
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harm and are usually not regarded as pathogens. 
However, in this era of immunosuppression and 
surgical implantation, we have all learned that any 
organism, no matter how innocent in its normal 
behavior, may cause disease. There is now conclu-
sive evidence that under the right circumstances 
SII and MIll can become pathogenic. MIll is a 
common though low-grade urinary tract pathogen 
associated frequently with recurrent cystitis [19]. 
SII is important in such serious and varied prob-
lems as septicemia, bacterial endocarditis, the 
failure of ventriculoatrial shunts, and cardiac im-
plants [20-23]. 
Cocci, especially SIl, may genuinely cause oper-
ative wound infections (though much less than S. 
aureus) and may be a common cause of infection 
venous cut-downs [24] . Thus the entire biocenose 
must be considered in relation to unique situations 
in which hospital patients find themselves. 
Biotyping may serve other important functions. 
The quantitative profile of resident organisms 
might prove to be as distinctive for an individual as 
other physical attributes. Construction of bacte-
riotype profiles could generate data for common 
matters that have scarcely been studied-differ-
ences among races , among age groups, during 
health and disease. There is already evidence that 
bacterial density is greater in adult males than 
females , though there is still no suggestion of 
differences in biotypes. 
Too little attention has been paid to the possible 
use of biotyping to gain ecologic insights. Why, for 
example, is MIll found more often on the scalp 
than anywhere else, sometimes becoming domi -
nant there [25]? What peculiarities of the scalp are 
being sensed by MIll? 
The existing classifications of resident aerobic 
diphtheroids are unwieldy and little more useful 
than admittedly crude assignation to catch-all 
groups based on simple characteristics such as 
lipophilia, colony size, etc . [26 , 27]. Even with such 
simple groupings it has become clear that the 
various diphtheroids must be dealt with as specific 
eI}tities in relation to such matters as capacity to 
cause disease and the residence of specialized 
habitats. What is it about a site or person that 
allows specific biotypes to become abundant? For 
example, diphtheroids are not nearly as successful 
at colonizing the skin of diabetics, even those 
under good control (A. Rebora , personal communi-
cation). Clearly, these organisms can sense some-
thing about the integument which has so far 
eluded biochemists. Seemingly unimportant 
changes can cause sharp shifts in the microflora. 
We must begin to enroll the members of the 
microflora as diagnosticians who can ferret out the 
changes that have occurred. 
ROLE OF RESIDENT MICRO FLORA IN DISEASE 
Generally, the resident diphtheroids can cause 
more trouble than the cocci. In the axilla, an un-
known number of diphtheroid species can colonize 
hairs so profusely that distinctive, often pigmented 
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nodules and sheaths called trichomycosis axillaris 
are formed. [28]. While these same organisms grow 
harmlessly on skin, they produce proteolytic en-
zymes which erode the cuticles of the hair shafts, 
even causing some dissolution of the harder keratin 
of the underlying cortex. Trichomycosis axillaris, 
once common, became an "endangered species" 
when antiperspirants and deodorants came into 
widespread use. These are all active against gram-
positives, hence prevent the huge growth necessary 
to create a visible colony on hairs. 
A fluorescent diphtheroid, Corynebacterium 
minutissimum, causes a mild scaling disorder, 
erythrasma, which tends to localize between the 
toes but also occurs in other intertrigenous zones, 
especially in warm climates [29]. Again, it is only 
at high levels that C. minutissimum, ordinarily a 
harmless resident, can provoke a change signifi-
cant enough to be called a disease. The organism 
can reside within horny cells, apparently as a result 
of enzymatic digestion of keratin . The capacity of 
the diphtheroids to break down keratin is consider-
ably less than the ringworm fungi; hence it is best 
to avoid the form "keratinolytic" and to ascribe 
any limited hydrolysis of fibrous protein to pro-
teases rather than keratinases. Still, the proteo-
lytic potentialities of resident diphtheroids may 
have to be regarded with more concern than 
formerly. We are reformulating the concept of 
interdigital athlete 's foot as a simple ringworm 
infection [30]. It is only when native diphtheroids 
grow extensively in a site previously colonized by 
ringworm fungi that the disturbing signs of the 
disorder appear. Simple scaling is the work of the 
fungi (dermatophytosis simplex) but it is the 
luxuriant growth of the diphtheroids that brings on 
the sogginess , maceration, itching, and malodor 
that typifies the condition (dermatophytosis com-
plex). When the diphtheroids become numerous, 
the fungi become scarce and inapparent, emerging 
again whenever the bacterial population has been 
reduced through simple drying or antibacterial 
drugs. Since symptomatic athlete's foot is a prod-
uct of collaboration between a ringworm fungus 
and the resident bacterial population, the disease 
can be controlled, though not cured, by repressing 
the bacteria. 
Diphtheroids thrive in wet habitats and can, 
along with cocci, attack apocrine secretion with the 
release of characteristic axillary odors. We found 
that intense axillary odor was always associated 
with a dense microflora of diphtheroids. We have 
evidence that water will shift the competition 
between the major rival residents, the cocci and 
diphtheroids, in favor of the latter; when the skin is 
hydrated by an occlusive dressing, the diph-
theroids soon come to outnumber the cocci [31]. 
Another condition found in hot climates is pitted 
keratolysis, in which overgrowth of different spe-
cies of resident diphtheroids carves out pits and 
depressions in the wet plantar aspect of the feet 
[32]. These organisms, limited in virulence, have 
the enzymic machinery to break down the sub-
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stance on which they iive. Hence they cause mis-
chief if not serious skin disease. The foot malodor 
of some hyperhidrotic patients is largely the work 
of resident diphtheroids. 
The anaerobic corynebacteria is important only 
as a link in the chain of pathogenesis in acne. What 
used to be called the acne bacillus, C. acnes, has 
been divided into two species, Propionibacterium 
acnes (the most abundant) and P. granulosum 
[33]. These two species may be divided on the basis 
of several biochemical tests but most simply by 
susceptibility to a bl;l.cteriophage which will lyse P. 
acnes [34]. Although they differ in many ways , 
there is no evidence that one plays a different or 
more important role than the other in the forma-
tion of acne. The acne bacillus is not a pathogen in 
the usual sense because it cannot invade tissue. 
But since its products contribute to the formation 
and rupture of comedones, it is vital to the creation 
of the disease. Suppression of the high densities of 
this organism in acne patients is therapeutic. The 
yeast Pityrosporum has been implicated in two 
disorders, dandruff and tinea versicolor. P. ovale 
was once thought to be the instigator of dandruff 
[35], but experimental suppression of this orga-
nism produced no clinical effect. Furthermore, 
when dandruff returned after cessation of effective 
therapy, P. ovale did not reappear because of 
continued suppression by topical amphotericin B. 
The filamentous form of P. orbiculare, however, 
apparently plays a central role in the induction of 
tinea versicolor [36] . 
GENERAL ECOLOGY 
Ecologic research assesses the factors determin-
ing the kinds and numbers of organisms that form 
stable communities in a given habitat. This in-
volves understanding the relationship between the 
environment and the resident population as well as 
interactions among the organisms . 
Progress in the development of general laws has 
been slow, with only a dim appreciation of the 
regulation of cutaneous microflora. Moreover, the 
bulk of investigation has centered around the 
exclusion of virulent organisms from the native 
microflora. This obsession with disease-producing 
organisms has severely limited experimentation to 
definition of the major forces that kill alien bacte-
ria, resulting in largely mechanistic theories of the 
determinant ecologic influences. For example, it 
was long thought that the mild acidity prevailing 
on most of the skin surface (pH 5.5 to 6.5) would be 
antagonistic to potential pathogens. This simplis-
t ic "acid mantle" theory held sway for years and 
even created a rationale for skin-care products that 
reinformed the natural acidity. However, virulent 
and foreign bacteria can grow just as vigorously as 
resident organisms at acidities considerably less 
than that of normal skin, which eliminates pH as a 
decisive factor. 
In efforts to elucidate the skin's ability to rid 
itself of pathogens, the emphasis was on the 
so-called "self-disinfecting mechanism," a concept 
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which came into being as a result of naive labora-
tory demonstrations. Virulent organisms were re-
peatedly observed to die off at varying rates after 
being applied to skin. There is a whole library of 
work in this vein, and the conception that the skin 
possesses specific and specialized mechanisms for 
warding off harmful bacteria is currently ex-
periencing a revival [37]. It was recently reported, 
for example, that certain gram-negatives lost vital-
ity more swiftly on skin than on glass slides. Of 
course, the skin is infinitely more complex than a 
glass surface. Similarly crude studies locate the 
"disinfectant" substances in the fatty acids of the 
surface lipids. Some of these are mildly inhibitory 
to various pathogens, notably streptococci, but the 
suppressive effect generally extends equally well to 
resident organisms [38]. The bulk of residents are 
congregated in the follicular orifices where the 
exposure to fatty acids in the sebaceous lipids is 
maximal. In fact, all resident organisms have the 
capacity to liberate free fatty acids from triglycer-
ides, including those that are somewhat inhibited 
by these acids in vitro. Voices in opposition to 
theories of the skin's ability to rid itself of patho-
gens state simply that drying-up or desiccation can 
explain the data obtained from the many experi-
ments showing loss of vitality of applied orga-
nisms. But drying cannot provide a general theory 
of cutaneous ecology. 
There is little substantive knowledge on the 
ecologic forces that regulate the composition of the 
cutaneous microflora. Under normal conditions the 
resident population of organisms dominates a 
given niche because potential competitors are less 
suited to the physicochemical substrate. Dumping 
alien organisms into a habitat is not a physiologic 
means of defining the forces which determine why 
some organisms can multiply in the available 
niches. Future studies should observe those popu-
lations under more natural circumstances. One 
experiment that graphically displays the interac-
tion between resident organisms in a particular 
terrain is depicted in Figure 2. Subjects whose 
dominant axillary organisms were diphtheroids 
took systemic demeclotetracycline for 21 days . The 
resident diphtheroids were suppressed and re-
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FIG. 2. Suppression of the axillary flora with deme-
clotetracycline (DMCT) results in a shift from a diphthe-
roid to a micrococci flora . Removal of the antibiotic 
pressure is followed by a return of the diphtheroid as the 
dominant organism. 
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placed by resistant micrococci. Upon removal of 
the antibiotic, however, the diphtheroids were able 
to displace the micrococci and regain dominance of 
the microflora [39]. The micrococci developed 
resistance faster than the diphtheroids and were 
able to survive in the ecologic pressure of the 
antibiotic. Once this force was removed, the diph-
theroids rapidly repopulated the area, demonstrat-
ing that in the absence of an overriding ecologic 
pressure, diphtheroids survive better than micro-
cocci in the axillae of those subjects. 
A simple way of investigating the regulatory 
agencies of microflora without excessively violating 
natural relationships is hydration, obtained by 
simply covering the surface with an impermeable 
plastic film (Saran Wrap). This prevents water loss 
and quickly transforms a dry area like the forearm 
to a wet, warm habitat like the axilla. Within 48 hr 
the density of the aerobic microflora invariably 
increases from hundreds to hundreds of thousands 
per sq cm. The conclusion, congruent with all other 
knowledge, is that the water level is a decisive 
factor in regulating the proliferation of organisms. 
The bacterial density falls perceptively when a wet 
intertrigenous region is dried out. If the impermea-
ble dressing is maintained for a week, the composi-
tion of the flora changes characteristically (Fig. 3). 
The greater numbers of cocci spurt up first. Within 
a few days they become outnumbered, first by 
lipophilic and later by large-colony diphtheroids. 
The latter have already been shown to be abun-
dant in wet regions such as the axillae, and their 
density in the axillae is proportional to the water 
provided by eccrine sweating. Earlier we recog-
nized two ecologic types of axillae-those domi-
nated by cocci and those by diphtheroids . We now 
know that this division reflects the amount of 
sweating . 
The simple hydration technique provides further 
information about the preferences of certain orga-
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FIG. 3. An occlusive dressing on the forearm results in 
a sharp increase in the total number of organisms from 
hundreds per sq em to millions per sq cm . Micrococci 
increase first, followed by a gradual takeover by diph-
theroids. Gram-negatives increase but do not become 
dominant. 
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nisms. It has been suggested that lack of water is 
mainly responsible for the low levels of gram-nega-
tives on the integument. It seemed possible that 
gram-negatives might take over the occluded site 
after a week of continuous hydration, but nothing 
like this happened. The artificially hydrated fore-
arm skin became like the axilla. Enteric organisms 
did not flood into the area; gram-negatives in-
creased but made up a tiny fraction of the total mi-
croflora and were the ones ordinarily found in the 
axilla. 
These and other studies indicate strict limita-
tions to the kinds of organisms that can occupy a 
site and hold it against competitors. We are, 
however, merely at the stage of describing these 
phenomena, with only a vague notion of what 
determines these limitations. One possibility open 
to experimental analysis is that normal skin can-
not satisfy the nutritional requirements of orga-
nisms like S. aureus , Proteus , E. coli, etc. How-
ever, under protected conditions virtually any 
organism can live and proliferate on skin . Indeed, 
the isolated horny layer is a sufficient substance for 
most. These studies are already providing insights 
into the forces that control the microflora. The 
most important discovery is that the cutaneous 
microflora is in itself a vital force in limiting the 
growth of foreign organisms. 
We came to appreciate this when we learned how 
to induce experimental infections with S. aureus. 
An exudative eruption could be regularly provoked 
on normal skin when the inoculation site was first 
degermed with alcohol. S. aureus could proliferate 
to very high densities, millions per sq cm, but only 
in the absence of competition from the resident 
microflora [40]. This helps explain why experi -
menters could not insinuate pathogens or other 
alien bacteria into the native microflora by in-
oculating the surface. In all such studies, the 
newly added organisms were largely prevented 
from gaining a foothold because available niches 
were already occupied. In most body areas only a 
small portion of the normal surface is habitable , 
namely the follicular infundibulum, and this is 
already crammed to the degree permitted by the lo-
cal water supply. The implantation of a new organ-
ism generally requires extirpation of the existing 
microflora, followed by a suitable dressing to keep 
the site moist and warm. With this maneuver it is 
possible to colonize human skin, at least for short 
periods , with virtually all gram-positive and 
gram-negative organisms that acquire significance 
in disease states, evidence that the restriction of 
resident flora to a few species cannot be attributed 
to deficiencies in the substrate or to the presence of 
antagonistic substances. One possible exception is 
Streptococcus pyogenes, which shows little inclina-
tion to grow well on defatted, degermed normal 
skin, even in such regions as the tibia where the 
lipid level is too low to incriminate antibacterial 
fatty acids [41] . S . pyogenes could become trou-
blesome by entering via an anatomic breach in the 
July 1976 
surface, whereas other species would first prolifer-
ate on the surface in preparation for a pathogenic 
onslaught. 
The conception best fitting the facts is that there 
is no specialized mechanism or physiologic agency 
by which the skin wards off foreign menacing 
bacteria, and that the native microflora is the chief 
obstacle to intrusion by alien organisms. There-
fore, the preservation or restoration of the resident 
microflora is the first biologic defense in reducing 
both the risk and the ravages of infection . 
ECOLOGIC DISRUPTIONS 
We repeatedly hear warnings that we are bring-
ing disaster upon ourselves by indiscriminate use 
of antibiotics to which virulent organisms are 
becoming more and more resistant. The possibility 
for harm exists, but past practices by generalists 
and dermatologists-perhaps excluding treatment 
regimens in closed populations-have created no 
new problems to be met by increasingly exotic 
drugs. 
We also hear increasing worry that the wide-
spread application of antibacterial substances to 
the skin-cosmetics, shampoos, soaps , antiperspir-
ants, deodorants , body powders , etc.-will create 
resistant populations that will be difficult or im-
possible to subdue in the event of disease. So far 
this has not happened and all evidence con-
travenes the possibility. On the other hand, the 
vague likelihood of an ecologic disaster does not 
justify what appears to be a maniacal effort to keep 
potentially harmful germs at bay. Though antibac-
terial soaps reduce the resident flora and keep 
axillary odors low, it has not been shown that 
regular use will permit staphylococcal and strep-
tococcal pyodermes in high-risk populations. 
Cleanliness is still the best protection. 
One factor that may preclude the ecologic im-
pact of antibacterial cosmetic and hygienic prac-
tices is the stability of the microflora: We have 
repeatedly observed the rapid emergence of resist-
ance among the aerobic microflora after such 
topical or oral administration of antibiotics as 
erythromycin or tetracycline or after topical 
neomycin. But despite widely publicized fears , 
these resistant strains have just as rapidly disap-
peared with removal of the antibacterial sub-
stance . Nor have they been dispersed into the 
environment, to become part of the microflora of 
untreated persons. There is no evidence that the 
use of antibiotics in "open communities" has led to 
the transfer of this resistance to virulent organisms 
such as S. aureus. The widespread use of antibiot-
ics in such closed communities as hospitals can 
lead to the emergence of resistance in pathogens. 
All this seems innocent enough, but there are 
i :lstances in which harm has occurred through 
'cologie interference. The long-term use of broad-
. pectrum antibiotics in acne sufferers, by all odds a 
' leritorious practice, has actually created a new 
': isease-gram-negative folliculitis [42]. In some 
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patients , suppression of gram-positives allows 
gram-negatives to increase among the nasal micro-
flora. These then contaminate the neighboring 
diseased skin and produce papular-pustular le-
sions among the more typical lesions of acne 
vulgaris. Gram-negative folliculitis develops in 
serious cases of inflammatory acne, which gener-
ally require oral antibiotics. 
We observed an almost comical sequence of 
ecologic events in treating a case of benign familial 
pemphigus, a blistering eruption highly suscepti-
ble to secondary infection with common pathogens 
[43]. The patient was given topical chlorampheni-
colon the first visit with an immediate clinical 
improvement because the lesions were teeming 
with susceptible S. aureus. All went well until a 
spurt of exercise in hot weather was attended by 
severe exacerbation. Now the dominant organism 
was C. albicans and the correct diagnosis was 
moniliasis. Suppression of the yeast with an an-
tifungal topical antibiotic resulted once more in 
improvement. Castellani 's paint was prescribed in 
an effort to dry up the area. A holiday in a southern 
climate broke the cutaneous calm this time, the 
successor to the C. albicans was a gram-negative , 
mainly Proteus species. The moral is that potential 
pathogens cannot be kept indefinitely out of a 
weeping, warm, diseased site (the axilla). There 
will always be some organism that will establish 
residence in the ecologic void created by antibacte-
rial substances. In such cases the therapeutic 
attack has to be twofold: drying out the site to 
make circumstances less favorable for microbial 
growth, and attempting to restore the skin to as 
near normal a condition as possible. These are 
ecologic measures of control rather than the more 
ritualistic antibacterial methods. 
As we see it , the future will bring increasing use 
of ecologic principles to prevent and manage cu-
taneous infections. The use of an attenuated strain 
of S. aureus to terminate nursery epidemics of 
staphylococcal septicemia or to interrupt the 
course of recurrent furunculosis has already proved 
practical [44,45]. We should be looking for orga-
nisms of even less virulence that can be artificially 
implanted to create a stable, plentiful population, 
occupying enough of the major niches to exclude 
would-be pathogens. The newborn's integument 
has only a few organisms picked up by passage 
through the birth canal. In such an ecologic vac-
uum, almost any organism prevalent in the imme-
diate environment can gain at least a temporary 
foothold. Why not spray the neonate with a cock-
tail of resident organisms , thereby establishing the 
native microflora quickly and with certainty? Or in 
badly burned patients , why not extensively culti-
vate on the necrotic surface some harmless orga-
nism as a barrier to Pseudomonas? 
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